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in which strong Th1 predominance is observed [4, 5] . Total RNA extraction and reverse transcription Until now the pattern of renal expression of cytokines We extracted total RNA from renal core biopsy tissues as suggests both Th1 and Th2 involvement [4]. described previously [11] . The concentration of RNA was In several studies on intrarenal cytokines gene measured using a spectrophotometer. One microgram of expression in IgAN, the expression of specific cytokine RNA was reverse transcribed into cDNA with 1 unit/ml of genes in kidney were correlated with the degree of M-MLV reverse transcriptase (Gibco BRL, MD, USA). The cellular proliferation, mesangial matrix expansion, and reaction mixture also contained 100 pmol/l of random hexatubulointerstitial damage [3, 7] . Interleukin-6 (IL-6) in mers, 1 mmol/l each of dATP, dCTP, dTTP, and dGTP, and urine, was reported to have prognostic implications 1 U/ml ribonuclease inhibitor (Promega, WI, USA). The [8] . However, the actions of cytokines are often reaction mixture was incubated at 37°C for 1 h, then heated to 65°C for 10 min to denaturate the RNA-cDNA hybrid redundant, and cytokines have unique characteristics, and to inactivate the reverse transcriptase.
pleiotropism, and influence the synthesis of other cytokines. Therefore it is mandatory to integrate the degree of expression of various cytokines in order to eluci-Generation of competitive mutant templates date the working network of cytokines in IgAN. (competitors) Chemokines are also known to influence the nature of Competitive templates (CT ) were generated using the long inflammation via their chemotactic properties, which primer method except glyceraldehyde phosphate dehydroaugment neutrophil-and monocyte-mediated injury genase (GAPDH ), IL-10 and IL-15 to circumvent the [9] . The intrarenal expression of chemokines such as problem of variable amplification efficiency. Briefly, the monocyte chemotactic peptide-1 (MCP-1) and IL-8 in competitors were designed so that each was 35-100 base IgAN seemed to be associated with inflammatory cell pairs (bp) shorter than the wild type ( WT ) gene segment of reflux, but their unequivocal roles have to be demon-the gene targeted for amplification. The competitors were strated by further studies [9] .
designed to have the same 5∞ and 3∞ ends as the corresponding
In this study, we quantified the intrarenal mRNA WT gene segment. This caused both the WT and CT to expression of various cytokines and chemokines by compete for gene-specific sense and antisense oligonucleotide semi-quantitative reverse-transcriptase polymerase primers in the co-amplification PCR reaction. Synthesis of the CT was achieved using an additional gene-specific oligochain reaction (RT-PCR), using internal competitors, nucleotide primer (CT primer), which consisted of the 5-sense in 48 patients with IgAN, and tried to elucidate the primer linked with a second primer designed 'x' bp downrelationships between the degree of cytokine transcript stream, where 'x' was the desired length of CT shortening. expression and the clinicopathological findings. Here PCR amplification using the CT and antisense primers was we demonstrate that the levels of gene expression of performed at an annealing temperature of 50°C. The PCR various cytokines and chemokines are correlated with product was cloned into a TA cloning vector (Invitrogen, specific pathological or clinical parameters in IgAN.
CA, USA), and the plasmid containing the mutant template DNA insert was purified and measured on a spectrophotometer. The GAPDH, IL-10 and IL-15 competitors were Subjects and methods generated using restriction endonuclease, HpaII, SspI, and BstBI respectively, as described previously [12] . We cloned eleven competitors including constitutively expressed housePatients keeping gene (GAPDH ), proinflammatory (IL-1b, TNF-a, IL-6, IL-15) and T-cell-derived (IL-2, IFN-c, IL-10) cytoExperiments were performed on 48 patients who were admit-kine, and chemokine (IL-8, RANTES, MCP-1) genes. The ted to our medical centres from January 1998 to December primer sequences, and the lengths of target gene segments 1998 and had biopsy-proven IgAN (mean age 32 years; range and the CT are shown in Table 1 . 15-72; 21 male, 27 female); all were found to have a serum creatinine concentration <3.7 mg/dl. The histopathological findings were classified according to the grading system of Semi-quantitative PCR Lee et al. [10] . The number of patients with grade II was nine, grade III 29, grade IV eight, and grade V two. For The expression of gene-specific transcripts identified within analysis, the patients were categorized into two groups and human renal biopsy tissues was quantified by competitive the clinicopathological parameters of grade II and III were PCR (Perkin Elmer Applied Biosystems Thermal Cycler compared to grade IV and V. The histopathological findings 2400). Competitive PCR was performed as described previwere graded as follows:
ously [13, 14] . The PCRs involved co-amplification of a known amount of plasmid containing the gene-specific CT glomerular sclerosis, grade 1 (∏25% of glomeruli affected ), with a constant volume (1 ml ) of stock-sample-derived grade 2 (up to 50% of glomeruli affected ), grade 3 (up to RT-cDNA. Other constituents of the PCR mix included 75% of glomeruli affected ), grade 4 (>75% of glomeruli 100 ng each of sense and antisense primers, 160 mM dNTP, affected ); 2 mM magnesium chloride, 0.3 U of Taq polymerase tubular atrophy, interstitial fibrosis, mesangial matrix expan-( Takara, Japan), and buffer in a reaction volume of 50 ml. sion, increased cellularity, and cellular infiltration, grade 1 The thermal cycling parameters consisted of denaturing at (mild), grade 2 (moderate), grade 3 (severe); 94°C for 1 min, annealing at 55-60°C for 1 min, and extenintrarenal arteriolar changes including hyaline arterioloscle-sion at 72°C for 1 min for 35-40 cycles. The PCR products rosis, intimal thickening, grade 0 (absent), grade 1 (present). were run in 1.8-2.2% agarose gels at 80-100 V for several hours to ensure adequate separation of the WT and CT Renal dysfunction was defined as a serum creatinine concentration >1.4 mg/dl.
products. The ethidium-bromide-stained gels were photo- <0.05 was considered to be statistically significant.
Data generation
The amount of WT was determined by calculating the ratio . of glomerular sclerosis, arteriolar changes, tubular We chose the most appropriate PCR thermal cycling para-atrophy, and interstitial fibrosis were more severe in meters and concentration of CT to be used in competitive the higher grade groups, but the degree of glomerular PCR for each cytokine and GAPDH on the basis of the cellularity and the inflammatory cell infiltration were relationship linearity.
not significantly different ( Table 2) .
Statistics
The histopathological and clinical findings of patients Expression of cytokine gene transcripts according to the involved in the study were analysed and compared according grading system to their allocated grades using the Wilcoxon rank sum test
The levels of cytokine and chemokine gene transcripts or Student's t-test as appropriate. Relationships between the were not significantly different between the lower and clinicopathological findings and cytokine gene expression were analysed using the Wilcoxon rank sum test. Correlations higher grade groups ( Table 3) . 
Correlations of cytokine and chemokine gene expression
and induces In Spearman's correlation tests, the degree of glomer-the expression and synthesis of MCP-1, IL-8, and IFNular sclerosis and mesangial matrix expansion seemed inducible protein 10 [17]. Moreover, IgA-containing to be correlated with the expression of proinflamma-immune complex leads to secretion of IL-1, IL-6 and tory (IL-15 and TNF-a) and Th1 (IL-2 and IFN-c) platelet-activating factor [18, 19] . The roles of IL-6 in cytokine genes, but these correlations were not statis-IgAN have been widely investigated. It induces mestically significant. The degree of intrarenal arteriolar angial cell proliferation and matrix enlargement and changes was correlated with the expression of the IL-8 has a positive correlation with both pathological score gene (r=0.427, P<0.01) ( Table 6) .
and prognosis [8, 20, 21] . Therefore it seems that the immune complex and proinflammatory and Th1 cytokines interact and lead to the perpetuation of inflammation and injury. Th2 cytokines have also been
Discussion
reported to be involved in the pathogenesis of glomerular injury in IgAN. The IL-4-secreting T lymphocytes Cytokines are polypeptide regulatory molecules that in affected glomeruli seem to injure glomerular epitheconstitute a cellular signalling system and whose ana-lium, and the responsiveness of glomerular epithelium tomical location is intermediate between the endocrine to IL-4 may be pathologically enhanced in IgAN [22] . hormones and the neurotransmitters. They act in The expression of IL-10 was significantly upregulated spaces between cells and within the confines of tissues, in IgAN patients with marked glomerular proliferation, and if they overflow into the systemic circulation, they and upregulated in the tubulointerstitial region in can exert toxic or pathological effects. Cytokines are IgAN patients with nephrotic-range proteinuria [23] . bi-or multifunctional; that is, they can either stimulate In spite of their well-known anti-inflammatory properor inhibit the same action, and they often influence ties, Th2 cytokines also seem to be involved in the the synthesis and actions of other cytokines [3, 4] . progressive injury of glomerulonephritis. The expresChemokines are a group of small cytokines that act as sion of monocyte attractant chemokine, MCP-1, was inflammatory mediators. In the kidney, several chemo-correlated with monocyte infiltrates and tubulointerstikines are present in the glomeruli or tubulointerstitium tial damage [9, 24] , and recently MCP-1 has been and they are considered to have active roles in renal reported to have an atherogenic property [25] . It is lesions [9] . The stimuli that underlie the major forms recognized that cytokines and chemokines are involved of glomerular disease, including immunological factors in the pathogenesis and progression of IgAN, but their in glomerulonephritis, all lead to a common pathway integrated roles still need to be elucidated. of cytokine release intended to protect the glomeruli In this study, the intrarenal mRNA expression of by remodelling the cell-matrix interactions. When Th1 and proinflammatory cytokines were high in excessive or dysregulated, this remodelling can result patients with severe glomerular lesions and poor clinin the pathological deposition of matrix or fibrogenesis. ical features. The gene expression of the Th2 cytokine, Therefore there has been a continued interest in the IL-10, was related to the pathological lesions of the pathophysiological roles of cytokines and chemokines tubulointerstitium. The gene expression of chemokine, and in the possibility of therapeutic intervention using IL-8, correlated with vascular lesions. The gene expresthese molecules, for example in the case of renal sion of proinflammatory cytokines were closely correlinjury [3] . ated with the gene expression of Th1 and Th2 cytokines The pathogenetic mechanisms and the causative and chemokines. The gene expression of Th1 cytokines agents have not yet been identified in IgAN. Cytokines was correlated with the gene expression of chemokines, are considered to have several roles in the pathogenesis and the gene expression of the Th2 cytokine (IL-10) and progression of IgAN. Proinflammatory cytokines with the expression of chemokine (IL-8) gene. These (IL-6, TNF-a) and IFN-c induce Fca receptor mRNA results imply that in IgAN, whatever the initiating stimuli, the cytokine and chemokine networks are closely interactive, and that the Th1 cytokines change the pathogenetic processes in the glomeruli, resulting 
